CHAPTER 1 Vision and Visual Perception 1
Because images cannot specify the physical world that gives rise to them-a quandary referred to as the inverse optics problem-it is difficult to understand how biological vision routinely produces successful behavior. The theory we explore is that vision uses a wholly empirical strategy to contend with this fundamental obstacle. The merit of the theory rests on its ability to explain how vision copes with a world that light cannot reveal. The evidence that supports it is predicting the endlessly strange details of what we actually see.
CHAPTER 2 Seeing Lightness and Brightness 15
A good start in exploring a wholly empirical (or any) theory of vision is the perceptions of lightness and brightness generated by the overall intensity of light stimuli. These percepts are arguably the most fundamental qualities that humans and other animals have evolved to see. Lightness and brightness provide many intriguing examples of the universal discrepancies that exist between physical measurements of the world (or of the images it generates) and what we perceive. Any account of vision and its neural underpinnings must explain this phenomenology.
CHAPTER 3 Seeing Color 51
The factors that determine the distribution of power in light spectra-the physical correlate of color perceptions-are also inevitably entangled in light stimuli. Thus the phenomenology of color vision should, by the same token, be explainable in terms of the way the visual system contends with the inverse problem. The major difficulty in rationalizing color vision has been the influence of context on the colors seen. The evidence described here indicates that color contrast and constancy, like lightness/brightness contrast and constancy, are signatures of a wholly empirical guide to useful perceptions and successful behavior.
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CHAPTER 4 Seeing Intervals, Angles, and Object Sizes 91
In addition to conflating the physical parameters that determine the quantity and quality of light reaching the eye, the parameters that define intervals, angles, and object sizes are also inextricably intertwined in retinal images. As a result, the realworld sources of image forms, like the sources of luminance and the spectral distribution of light, are inherently uncertain. As a result the inverse problem is as much an obstacle in determining the geometry of objects in the world as in parsing the relative contributions of illumination, reflectance, and transmittance. The evidence in this chapter shows that perceived geometry can also be understood in wholly empirical terms.
CHAPTER 5 Seeing Distance and Depth 125
This chapter considers whether the perception of distance and depth are, like the perceptions of lightness/brightness, color, and form, determined by neural circuitry that reflects the trial-and-error experience accumulated during evolution and postnatal development. Much of this empirical information is available when the world is viewed with one eye only. It has been known since the mid-19th century, however, that binocular information generates a special sense of depth (stereopsis). The evidence described here indicates that monocular and binocular depth perception can be understood on the same empirical basis.
CHAPTER 6 Seeing Motion 157
Any theory of vision must also deal with changing spatial relationships and the perceptions of motion elicited by image sequences on the retina. The perception of motion entails a variety of puzzling phenomena. Preeminent among these are the anomalous way the physical speeds of objects are seen, and the dramatic changes in the apparent direction of a moving object that occur when the context is altered. This chapter describes how these peculiarities of perceived motion can also be explained by a wholly empirical strategy of vision.
CHAPTER 7 Making Sense of the Visual System in Empirical Terms 185
Understanding what we see and the underlying circuitry of the visual system in wholly empirical terms is different in concept and consequence from attempts to rationalize visual perception and its neural bases in terms of detecting, filtering and processing the characteristics of light stimuli to represent a facsimile of the world and its properties. By depending solely on the history of behavior, the visual system creates a subjective universe that bears no direct relation to the physical world, past or present. Although seeing in this way seems both counterintuitive and maladaptive, it deals with the otherwise intractable inverse problem that confronts the evolution and development of biological vision. Accepting this framework requires a radical change in how one thinks about the structure, function, and purposes of vision.
